Background Oncostatin M receptor (OSMR) is a member of the interleukin 6 (IL-6) receptor family that transduces signaling events of Oncostatin M (OSM). OSM-OSMR signaling plays a key role in inflammation and cancer progression. However, the role of OSM-OSMR in gastric cancer (GC) is still unknown. Methods OSMR expression in GC was determined by real-time PCR (RT-PCR), immunohistochemistry (IHC) and Western blot. The effects of OSM-OSMR on GC cell proliferation, migration, invasion, and epithelial-mesenchymal transition (EMT) in vitro and metastasis in vivo were examined. The pathways underlying OSM-OSMR signaling were explored by Western blot. Regulatory mechanism between SP1 and OSMR was explored in vitro. Results OSMR was highly expressed in GC tissues and its expression level was closely associated with age, T stage, Lauren classification, lymph node metastasis, TNM stage and worse prognosis of patients with GC. Knockdown of OSMR expression in GC cells significantly inhibited cell proliferation, migration, invasion, and EMT in vitro, as well as tumorigenesis and peritoneal metastasis in vivo induced by OSM. These effects mediated by OSM-OSMR were dependent on the activation of STAT3/FAK/Src signaling. SP1 could bind to the promoter region of human OSMR gene from − 255 to − 246 bp, and transcriptionally regulated OSMR overexpression in GC cells. Conclusions OSM-OSMR contributes to GC progression through activating STAT3/FAK/Src signaling, and OSMR is transcriptionally activated by SP1.
chemotherapy are common therapeutic approaches used for patients with GC. However, the prognosis remains poor in China, with a 5-year survival rate of 35.9% in 2010-2014 [2] . This may be attributed to its highly metastatic potential and frequent recurrent incidence. Therefore, exploring the mechanisms underlying GC progression would be useful for identifying novel therapeutic targets.
OSMR, a member of the interleukin 6 (IL-6) receptor family, is a type-II Oncostatin M (OSM) receptor that is heterodimerized by OSMR beta subunit (OSMRβ) and IL-6 signal transducer gp130. OSM is a multifunctional cytokine produced mainly by activated monocytes, macrophages, T cells, dendritic cells, neutrophils, peripheral blood mononuclear cells and Schwann cell precursors [3] . Upon OSM treatment, OSMR signals through multiple pathways including JAK/STAT, ERK1/2, p38, JNK, PI3K/AKT, and PKCδ pathways [3] , leading to the transcription of a wide range of context-dependent target genes. The role of OSM-OSMR signaling in cancer progression is dependent on its target organs and cells. OSM-OSMR suppresses the growth of melanoma, lung adenocarcinoma, breast cancer and glioma [4] [5] [6] [7] . In contrast, OSM-OSMR promotes the growth of astroglioma [8] and cervical squamous cell carcinoma [9] . It has been reported that OSMR is overexpressed in GC [10] . However, the role and mechanism underlying the effect of OSM-OSMR on GC remain unknown. Therefore, discovering the significance of OSM-OSMR in GC may provide new solutions for GC treatment.
The study investigated the expression of OSMR in human GC and explored the role and molecular mechanisms of OSM-OSMR in GC. It was found that OSMR was significantly elevated in GC tissues and closely linked with age, T stage, Lauren classification, lymph node metastasis, TNM stage and short survival of patients with GC. In GC cells that overexpressed OSMR, OSM treatment promoted the proliferation and the metastatic potential in vitro and in vivo, which was impeded by knockdown of OSMR expression. Further studies revealed that the oncogenic effects mediated by OSM-OSMR signaling were through the activation of STAT3/FAK/Src pathway. SP1 could bind to the promoter region and activate the transcription of OSMR. These findings indicated that OSM-OSMR signaling plays a vital role in GC development. Disrupting the signaling of OSM-OSMR by targeting OSMR may provide a novel therapeutic strategy for the treatment of GC.
Methods

Ethical approval and consent to participate
This study was approved by the Ethics Committee of Ruijin Hospital, Shanghai, China. All the experiments performed were under the principles of the Declaration of Helsinki. Written informed consent was obtained from each patient.
Clinical samples, cell lines, and reagents
176 pairs of GC samples were collected from patients who underwent D2 gastrectomy in Ruijin Hospital between 2012 and 2018 without chemotherapy or radiotherapy. The samples collected were divided into two parts, one for formalin fixation and another stored at liquid nitrogen for protein and RNA extraction. The pathological stage was evaluated by two pathologists individually according to American Joint Committee on Cancer staging manual (7th Edition).
Gastric cancer cells (SGC-7901, BGC-823, MGC-803, MKN-45, AGS, HGC-27 and HTB-103) and immortal gastric mucosal epithelial cell line(GES-1) were purchased from Cell Bank of Chinese Academy of Sciences, and were cultured in 90% RPMI-1640 medium (Gibco, San Francisco, USA) with 10% fetal bovine serum (Gibco) in a humidified incubator. Other reagents used have been listed in Supplementary Table S1 .
Plasmids construction and transfection
OSMRβ small hairpin RNA (shRNA) and negative control (NC) sequences were designed and constructed into a hU6-MCS-Ubiquitin-EGFP-IRES-puromycin plasmid. SGC-7901 and BGC-823 cells were transfected with shRNA plasmids using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's protocol. Stable clones were selected by puromycin.
Immunohistochemistry (IHC) staining
IHC staining was performed on the tissue microarray according to the previously reported protocol [11] . The staining intensity and percentage were used to score the overall tissue sections. The evaluation criteria were listed in Supplementary Materials. Staining score was calculated as follows: overall staining score = intensity score × percentage score. A final score ≤ 3 was considered as negative staining and > 3 as positive staining.
Western blot analysis
Western blot analysis was performed as described before [11] . For a detailed description, see Supplementary Materials.
Cell proliferation, migration and invasion assays
Cell proliferation assay was performed as previously described [12] . In brief, 2×10 3 cells/well in 200 ul medium were seeded into a 96-well plate. Cell proliferation was determined using Cell Counting Kit 8 (Dojindo, Kumamoto, Japan) with a spectrophotometer. Cell migration and invasion assays were conducted using 8 µm transwell inserts (Millipore) coated with (invasion assay) or without (migration assay) Matrigel Basement Membrane Matrix (BD Bioscience). 1 × 10 5 cells suspended in serum-free RPMI-1640 medium were added to the upper chamber. FBS-conditioned RPMI-1640 medium with OSM (20uM) or PBS was added to the lower chamber. After 24 h (migration assay) or 48 h (invasion assay), tumor cells in the lower side of the chamber were fixed and stained with crystal violet and photographed. Six random fields were chosen to calculate the number of migrated or invaded cells.
Real-time PCR (RT-PCR)
Total RNA was extracted by a TRIzol reagent (Invitrogen) and cDNA synthesis was performed using Reverse Transcription System (Promega, Madison, WI, USA) following the manufacturer's instructions. The mRNA level of OSMR was measured via SYBER Green PCR Master Mix (Applied Biosystems). The primers used have been listed in Supplementary Table S2 .
Chromatin immunoprecipitation (ChIP) assay and Dual-luciferase reporter assay
ChIP assay was performed with the EZ-ChIP™ kit (Millipore) according to the instructions. For a detailed description, see Supplementary Materials. The primers used have been listed in Supplementary Table S2 .
Dual-luciferase reporter assay was performed using DualLuciferase® Reporter Assay System (Promega). Generally, OSMR promoter or control vector was co-transfected with SP1 expressing plasmid or empty vector into 293T cells. After 36 h of transfection, the cells were digested and the luciferase activity was detected.
In vivo tumorigenesis and peritoneal dissemination
For tumorigenesis in vivo, SGC-7901/NC or SGC-7901/ SH cells were injected subcutaneously into nude mice, and OSM (12.5 ng/g) or PBS was then injected into the tail vein weekly. Tumor volume was calculated by measuring tumor length and width every week. For peritoneal dissemination, 5 × 10 6 tumor cells were injected intraperitoneally, followed by OSM (12.5 ng/g) or PBS injection intraperitoneally weekly. All mice were sacrificed under anesthesia four weeks after GC cell injection. Tumor grafts and peritoneal nodules were weighted and observed.
Statistical analysis
All experiments were repeated at least three times. The results were shown as mean ± SEM. Pearson χ 2 test was used to display the association between OSMR expression and clinicopathological characteristics. The Student's t test and one-way ANOVA were performed to check the differences between the treated and the control groups. The two-tailed value of p < 0.05 was considered statistically significant. The survival curve of GC patients collected was performed by the Kaplan-Meier method and log-rank test. The survival curve of data from Gene Expression Omnibus (GEO), European Genome-phenome Archive (EGA) and The Cancer Genome Atlas (TCGA) was analyzed by Kaplan-Meier plotter [13] . SPSS19.0 software was used to perform the statistical analyses.
Results
OSMR is highly expressed in GC and predicts poor prognosis
The expression level of OSMR was first determined by RT-PCR analysis in GC tissues and adjacent non-tumor tissues. Up-regulated expression of OSMR mRNA was found elevated in 66.7% (36 of 54) GC tissues than adjacent nontumor tissues (Fig. 1a, b ). IHC performed in 176 pairs of tissues showed that OSMR positive expression rate was higher in GC tissues (71.0%, 125 of 176) than adjacent non-tumor tissues (34.1%, 60 of 176). OSMR expression was mainly identified in the cell membrane and cytoplasm of GC cells (Fig. 1c, d & Supplementary Fig. S1 ). Moreover, the number of OSMR positive cells per field (200×) in GC tissues was significantly higher than that in adjacent non-tumor tissues (Fig. 1e ). Furthermore, the protein level of OSMR in GC tissues and cell lines was significantly higher than that in non-tumor tissues or immortal gastric epithelial cell line GES-1 (Fig. 1f, g ).
The correlation between the expression level of OSMR and clinicopathologic parameters in human GC was further examined. Pearson χ 2 test showed that OSMR expression was closely related to age, T stage, Lauren classification, lymph node metastasis, and TNM stage, but not with tumor size, gender, or differentiation (Table 1) . Moreover, Kaplan-Meier survival analysis showed that patients with positive OSMR expression had a shorter overall survival time than OSMR negative group (Fig. 1h ). In addition, OSMR mRNA expression was significantly associated with poor prognosis in 876 patients included in GEO, EGA and TCGA databases (Fig. 1i) . Together, OSMR is highly expressed in GC cells and predicts poor prognosis of GC patients.
3
OSM promotes the growth, migration, invasion and EMT of OSMR-overexpressing GC cells in vitro
Given the potential role of OSMR overexpression in GC progression, whether the level of OSMR expression could affect GC cell growth was first determined. OSMRβ shRNA plasmids (SH1, SH2 and SH3) were constructed and transfected into GC cells, and stable cell lines expressing SH2 plasmid were chosen for further study (Fig. 2a, b) . OSM promoted the proliferation of SGC-7901 and BGC-823 cells, while knockdown of OSMR expression in GC cells attenuated the increased proliferation rate induced by OSM OSMR expression in five pairs of GC tissues and paired non-tumor tissues was detected by Western blot. g OSMR expression in seven GC cell lines and one immortalized gastric mucosal epithelial cell line GES-1 was analyzed by Western blot. h Positive OSMR protein expression was correlated with shorter overall survival time, which was performed by Kaplan-Meier survival analysis. i The association of high OSMR mRNA expression with poor survival in total 876 patients was analyzed by Kaplan-Meier plotter (Fig. 2c) . These results suggest that OSMR overexpression conferred greater sensitivity to OSM in promoting GC cell growth.
Migration and invasion are important properties of tumor cells to initiate metastasis, and the involvement of OSM-OSMR in GC cell motility was further determined. As shown in Fig. 2d , e, OSM stimulation significantly prompted the migration and invasion potential of BGC-823 and SGC-7901 cells, while knockdown of OSMR expression impaired the migratory and invasive ability of GC cells induced by OSM.
Epithelial-mesenchymal transition (EMT) is a process that provides cancer cells with enhanced motility and invasiveness. Analyses of RNA-seq data from TCGA by LinkedOmics [14] showed that OSMR expression exhibited a significant negative correlation with E-cadherin expression and a positive correlation with N-cadherin expression (Fig. 2f) . In addition, IHC analysis in 130 GC tissues and paired non-tumor tissues showed that E-cadherin protein was expressed in 36.7% of OSMR + GC (33 of 90) and 57.5% of OSMR − GC (23 of 40, Fig. 2h ). N-cadherin protein was expressed in 64.4% OMSR + GC (58 of 90) and in 37.5% OSMR − GC (15 of 40, Fig. 2h ). Furthermore, OSM treatment markedly suppressed E-cadherin expression and increased N-cadherin expression, while knockdown of OSMR expression in GC cells significantly impaired this change (Fig. 2i, j) . These results indicate that OSM promotes GC cell migration, invasion and EMT, which is dependent on the presence of OSMR.
The tumor-promoting effects mediated by OSM-OSMR signaling are through activating STAT3/FAK/ Src pathway Previous studies revealed that OSM mainly acts through activating STAT3 [3] . However, the downstream targets of STAT3 are cancer subtype-dependent. Focal adhesion kinase (FAK), a non-receptor protein-tyrosine kinase, plays a central role in focal adhesion assembly during cell adhesion and spreading [15] . Src family kinase, especially c-Src, has been demonstrated to play a vital role in the promotion of tumor cell motility and proliferation [16] . Western blot analysis showed that STAT3-Y705, FAK-Y397, FAK-Y576/577, FAK-Y925 and SRC-Y416 phosphorylation level was higher in GC than non-tumor tissues (Fig. 3a) . OSM treatment enhanced the activation of STAT3, FAK and SRC in BGC-823 and SGC-7901 cells. However, knockdown of OSMR expression in GC cells attenuated the increased phosphorylation level of FAK, Src, and STAT3 (Fig. 3b, c) . These results suggest that OSM activates STAT3, FAK, and Src, which is dependent on OSMR.
To better understand the involvement of FAK, STAT3, and Src activation induced by OSM-OSMR in GC cells, FAK, STAT3, and Src pathways were attenuated, respectively, using specific inhibitors after OSM treatment. Inhibition of STAT3 activity by STATTIC significantly decreased the phosphorylation of FAK and Src in GC cells. In addition, the inhibition of FAK activity by PF228 also led to a striking decrease of Src and STAT3 phosphorylation. However, Saracatinib, Src-specific inhibitor, showed no effect on either FAK or STAT3 activation (Fig. 3d, e) . Therefore, these data indicate that STAT3 and FAK form a positive feedback loop induced by OSM-OSMR signaling, which subsequently activates Src.
To further explore the activation of STAT3/FAK/Src pathway in mediating the tumor-promoting properties of GC cells induced by OSM-OSMR, SGC-7901 and BGC-823 cells were treated with specific FAK, STAT3, or Src inhibitor after OSM treatment, respectively. FAK inhibition abrogated the proliferation (Fig. 3f) , migration, invasion (Fig. 3g, h ) and EMT (Fig. 3i, j) of OSMR-overexpressing GC cells induced by OSM, so did the blockage of STAT3 activity or Src activity by their specific inhibitor STATTIC or Saracatinib. Taken together, these results suggest that 
OSM-OSMR facilitates GC cell growth and peritoneal dissemination in vivo
Whether OSM-OSMR could facilitate GC progression in vivo was further determined. SGC-7901/SH or SGC7901/ NC cells were subcutaneously transplanted into nude mice, and OSM or PBS was injected via tail vein weekly. As shown in Fig. 4a , b, SGC-7901/NC cells, instead of SGC-7901/SH cells, showed aggressive proliferation in response to OSM compared with PBS treatment. Moreover, the average weight of tumors generated from SGC-7901/NC cells treated with OSM was significantly increased compared with PBS ( Fig. 4c) , while knockdown of OSMR expression halted the weight increase of tumors from SGC-7901/SH cells in response to OSM. Tumors generated from SGC-7901/NC cells with OSM treatment showed enhanced STAT3, FAK and SRC activation level compared with PBS treatment. While, OSMR interference attenuated the difference generated by OSM treatment (Fig. 4d) . These results suggest that OSM treatment could enhance OSMR-overexpressing GC growth in vivo.
To further quantify the metastatic potential of GC cells overexpressing OSMR in vivo, SGC-7901/NC or SGC-7901/ SH cells were intraperitoneally transplanted into nude mice, and OSM or PBS was injected into the abdominal cavity weekly. Four weeks later, there were significantly more visible peritoneal nodules generated from SGC-7901/NC cells in response to OSM compared with PBS (Fig. 4e, f) . In contrast, knockdown of OSMR expression in SGC-7901 cells attenuated the increased visible peritoneal nodules induced by OSM. Together, these results indicate that OSM-OSMR promotes GC growth and peritoneal dissemination in vivo.
OSMR is transcriptionally regulated by SP1
The oncogenic transcription factor SP1 plays a vital role in many types of cancer [17] . To determine the transcriptional regulation of OSMR in GC cells, the correlation between SP1 and OSMR in GC was analyzed using TCGA data. As shown in Fig. 5a , SP1 was positively correlated with OSMR. IHC analysis on 130 GC tissues showed that OSMR expression was significantly higher in those concomitantly with SP1 expression (Fig. 5b, c) . Western blot analysis showed OSMR expression level was consistent with SP1 expression (Fig. 5d) . Moreover, OSMR expression was up-regulated after SP1 overexpression, and repressed after SP1 transcription inhibition or interference. (Fig. 5e-g ).
The promoter region of OSMR was analyzed via the JAS-PAR database (http://jaspa r.gener eg.net/) and five potential SP1 binding regions within OSMR promoter were identified (Supplementary Table S4 ). ChIP analysis showed that significant enrichment of SP1 ChIP DNA in OSMR promoter region was found compared with IgG isotype antibody (Fig. 5i) . Dual-luciferase reporter assay showed that SP1 significantly increased the relative luciferase activity than control group by co-transfecting the full-length promoter and OSMR promoter 1# vector (Region 5 deletion), rather than promoter 2# (Region 4, 5 deletion), 3# (Region 3, 4, 5, deletion) or 4# (Region 2, 3, 4, 5 deletion) vector. This result suggested that Region 4 (− 255 to − 121 bp), containing predicted binding site #8 (− 255 to − 246 bp) and #9 (− 130 to − 121 bp), could bind to SP1. Mutation of the predicted binding site #8 or #9 was further performed. As shown in Fig. 5j , mutation of the binding site #8, instead of the binding site #9, abrogated the difference of luciferase activity between SP1 transfection group and control group. Thus, SP1 could bind to OSMR promoter at − 255 to − 246 bp and then activate the transcription of OSMR.
Discussion
This study investigated the role and clinical significance of OSMR and its ligand OSM in GC progression. It is found that OSMR was highly expressed in GC and predicted a poor outcome. OSM could enhance proliferation and metastasis of OSMR-overexpressing GC cells via STAT3/FAK/Src signaling. These findings reveal the key role of OSM-OSMR in GC progression and provide evidence for seeking new strategies for GC treatment.
The aberrant expression of OSMR has been reported in several types of cancer, including astroglioma, cervical cancer, and breast cancer [3] . Overexpression of OSMR in cervical cancer cells leads to enhanced responsiveness to OSM, which induces a pro-angiogenic phenotype and increases cell migration and invasion [9] . High OSMR expression is also Fig. 2 OSM-OSMR promotes GC cell proliferation, migration, invasion and EMT in vitro. a, b OSMR expression in GC cells stably transfected with OSMR-SH plasmid and control vector (**p < 0.01). c The effect of OSM-OSMR on GC cell growth was detected by cell proliferation assay (*p < 0.05, **p < 0.01, ***p < 0.001). d, e The effect of OSM-OSMR on GC cell migration and invasion was detected by cell migration and invasion assays (200×). The number of migrated or invaded cells are shown (*p < 0.05). f Associations of OSMR with E-cadherin and N-cadherin expression level in the TCGA database were analyzed by LinkedOmics. g IHC staining of E-cadherin and N-cadherin in GC tissues. Representative images of OSM, E-cadherin and N-cadherin staining in GC tissues (200×). h E-cadherin and N-cadherin expression in GC patients with OSMR positive or negative expression are displayed. i, j After transfection with OSMR-SH2 plasmid or control vector, the expression of E-cadherin and N-cadherin in GC cells induced by OSM were analyzed by Western blot. j Densitometric analysis of E-cadherin and N-cadherin expression in GC cells after OSM treatment and OSMR knockdown (*p < 0.05, **p < 0.01, ***p < 0.001) ◂ observed in breast cancer where overexpression of OSMR is related to shorter recurrence-free period and lower overall survival in breast cancer [18] . Here, OSMR was frequently overexpressed in GC, and was significantly associated with age, T stage, Lauren classification, lymph node metastasis, TNM stage and worse prognosis, which suggested that OSMR may serve as a new predictor of worse prognosis in human GC.
OSM-OSMR plays an important role in inflammation and hematopoiesis, and is increasingly being recognized as an essential factor for tumor progression [19] . However, the effects of OSM-OSMR on cancer cells seem to be context-and cell type-dependent. Herein, this study investigated the effect of OSM-OSMR on GC cells. OSM was found to promote the proliferation, migration, invasion, and EMT of OSMR-overexpressing GC cells in vitro. Correspondingly, OSM-OSMR signaling could boost GC growth and peritoneal dissemination in vivo. These results indicate that OSM-OSMR signaling could function as an important contributor to GC progression. OSM is secreted by macrophage, neutrophils, T cells, and dendritic cells [3] , which is observed in the solid tumor microenvironment and could provide an abundant source of OSM. However, the cellular source of OSM in GC needs to be explored in the future study.
The downstream events following OSM-OSMR are associated with the activation of multiple pathways, including phosphorylation of STAT3. This process is mediated by the C-terminal of OSMRβ subunit [3] , as OSM cannot activate STAT3 in OSMR-deficient prostate cancer 22Rv1 cells [20] . However, the signaling pathways that mediate OSM-OSMR effects on GC cells have not been fully delineated. Our present data indicate that the activation of STAT3 pathway triggered by OSM is important for the tumor-promoting effects of the OSM-OSMR in GC. These observations are in agreement with previous reports that STAT3 activation is the main event induced by OSM-OSMR in cancer cells. FAK and Src are cytoplasmic non-receptor tyrosine kinases that influence cell adhesion, motility, and proliferation. FAK is activated in response to growth factor stimulation and the engagement of integrins, while its interacting partner Src is a key mediator of the processes regulated by FAK. The activation of FAK and Src has been reported in mediating tumorigenesis, metastasis or drug resistance of various types of cancer, including GC [21] , breast cancer [22] , and pancreatic cancer [23] . Upon activation, FAK is rapidly auto-phosphorylated at the Y-397, a binding site for Src, and Src consequently mediates the phosphorylation of FAK at the Y925 and Y576/Y577 sites. Src contains two phosphorylation sites, Y416 and Y527. The phosphorylation of Y416 site reflects promoted enzymatic activity, while the phosphorylation of Y527 decreases its activity. In this study, it is found that OSM-OSMR phosphorylated FAK at Y397, Y925 and Y576/577 sites, and Src at Y416 site in GC cells. Either FAK or Src activation could be attenuated after OSMR interference or in the presence of FAK or Src inhibitors. STAT3 inhibition led to reduced activation of FAK and Src, and FAK inhibition decreased the activation of Src and STAT3. While Src-specific inhibitor significantly dampened the phosphorylation of Src, it did not affect either FAK or STAT3 activation. Therefore, these data suggest that STAT3 and FAK form a positive feedback loop induced by OSM-OSMR, which subsequently regulates the activation of Src. However, the detailed mechanisms of FAK activation induced by STAT3 remain to be discovered in the future. In addition, the proliferation, migration, and invasion of GC cells mediated by OSM stimulation were abolished when FAK, STAT3, or Src signaling was, respectively, attenuated by their specific inhibitors, which indicated that the tumorpromoting effects induced by OSM-OSMR were mediated via the activation of the STAT3/FAK/Src pathway.
Although OSMR is important in the progression of GC, the underlying mechanisms accounting for the upregulation of OSMR expression in GC cells have not been elucidated. SP1 is an essential transcription factor in the regulation of many genes involved in multiple cellular functions such as proliferation, apoptosis, angiogenesis and migration [17] . Abnormal SP1 expression contributes to GC tumorigenesis [24] . In this study, co-expression of OSMR and SP1 in GC tissues was found. SP1 was a positive regulator of OSMR, as the overexpression of SP1 increased OSMR expression, and the suppression or interference of SP1 reduced OSMR expression. Sequence analysis revealed the presence of several putative SP1-binding sites in the promoter region of OSMR, and the results of ChIP and luciferase activity assays demonstrated that SP1 could bind to OSMR promoter at −255 bp to −246 bp and enhance its transcriptional activity. These data collectively suggest that SP1 transcriptionally activates OSMR expression in GC cells.
Recently, a small molecule heterodimerized by mouse OSMR ligand-binding domain and gp130 has been used to attenuate the pathology of inflammatory bowel disease in mouse models [25] . Our study provides evidence of blocking the tumor-promoting effect of OSM-OSMR in GC via targeting OSMR.
In conclusion, OSMR overexpression is an effective predictor of worse prognosis in human GC, and the signal 
